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Reliability of the Bulb Dynamometer for Assessing Grip Strength
Abstract
Background: Hand function is an overall indicator of health and is often measured using grip strength.
Hand-held dynamometry is the most common method of measuring grip strength. The purpose of this
study was to determine the inter-rater and test-retest reliability, the reliability of one trial versus three
trials, and the preliminary norms for a young adult population using the Baseline® Pneumatic Squeeze
Bulb Dynamometer (30 psi).

Methods: This study used a one-group methodological design. One hundred and three healthy adults (30
males and 73 females) were recruited. Six measurements were collected for each hand per participant.
The data was analyzed using Intraclass Correlation Coefficients (ICC) two-way effects model (2,2) and
paired-samples t-tests.
Results: The ICC for inter-rater reliability ranged from 0.955 to 0.977.
Conclusion: The results of this study suggest that the bulb dynamometer is a reliable tool to measure grip
strength and should be further explored for reliable and valid use in diverse populations and as an
alternative to the Jamar dynamometer.
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Bulb dynamometer reliability

Hand function is an indicator of overall health and well-being and correlates with an individual’s
ability to perform meaningful and purposeful activities (Lawrence et al., 2015; Ranganathan,
Siemionow, Sahgal, & Yue, 2001). Hand function encompasses strength, endurance, and range of
motion, all of which allow individuals to engage in basic daily routines as well as complex functional
activities. Health care professionals often administer grip strength testing to assess hand function
(Reuter, Massy-Westropp, & Evans, 2011; Tyler, Adams, & Ellis, 2005). Hand function can be
measured with multiple assessments and instruments, including hand-held dynamometry (Blankevoort,
van Heuvelen, & Scherder, 2013; Irwin & Sesot, 2010; Ranganathan et al., 2001; Sisto & DysonHudson, 2007). Dynamometers that are used for grip strength measurement are typically classified as
hydraulic, bulb (vigorimeters), spring, and electronic.
The Jamar Hydraulic Hand Dynamometer is one of the most commonly used hydraulic handheld dynamometers. It has five adjustable slots for different grip positions. These grip positions recruit
different muscle groups that contribute to grip strength (intrinsic muscles, extrinsic muscles, or a
combination of both). The Jamar dynamometer measures isometric grip force up to 90 kg or 200 pounds
(Seftchick, Detullio, Fedorczyk, & Aulicino, 2011). Research has identified the Jamar dynamometer as
the gold standard for grip strength measurement because of its well-established norms and psychometric
properties (Blankevoort et al., 2013; Fess, 2011; Kennedy, Jerosch-Herold, & Hickson, 2010;
Mathiowetz et al., 1985; Reuter et al., 2011). Although the Jamar dynamometer is the gold standard, it
is not always the best measure of grip strength for some individuals, such as older adults and individuals
with rheumatoid arthritis, who may experience fragile or unstable hand structure (Fess, 2011; Jones et
al., 1991; Kennedy et al., 2010; Link, Lukens, & Bush, 1995; Sisto & Dyson-Hudson, 2007; Tyler et al.,
2005). Members of the young adult population who may be experiencing thumb pain and
carpometacarpal (CMC) arthritis because of texting and cell phone use may find the Jamar dynamometer
difficult to grip (Eapen, Kumar, & Bhat, 2010; Gustafsson, Thomée, Grimby-Ekman, & Hagberg, 2017;
Ming, Pietikainen, & Hänninen, 2006; Williams & Kennedy, 2011). Health care practitioners need to
have a repertoire of reliable and pain-free measurement tools from which to select based on the client’s
needs.
The bulb dynamometer, which assesses grip strength by measuring the amount of pressure
applied to the compressible bulb-shaped rubber handle, can be used as an alternative method to the
Jamar dynamometer. The amount of grip pressure measured is dependent on the amount of hand contact
over the surface of the bulb (Innes, 1999). A study by Ward and Adams (2007) compared four
dynamometers for test-retest reliability with 30 participants. The baseline bulb dynamometer, which
assesses grip pressure, was found to be as reliable as the Jamar dynamometer, which measures grip force
for assessing hand strength. However, the sample size in their study was small (n = 30), and the study
focused on test-retest reliability. Studies that have used the bulb or bulb-like dynamometers have
primarily focused on establishing preliminary norms for children, comparing the bulb to other hand-held
dynamometers, and evaluating the ease of using the bulb dynamometer (de Souza, de Baptista,
Benedicto, Pizzato, & Mattiello-Sverzut, 2014; Desrosiers, Bravo, Hérbert, & Dutil, 1995; Fike &
Rousseau, 1982). The purpose of this study was to evaluate the inter-rater reliability, the test-retest
reliability, and the reliability of one versus three trials, and to provide preliminary normative data for a
young adult population using the bulb dynamometer.
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Method
Study Design and Participants
A descriptive design was used in this study to assess the reliability of the bulb dynamometer in testing
grip strength. A convenience sample of 103 healthy adults who were either students or employees at a
private university in Pennsylvania were recruited to participate. The inclusion criteria required
participants to be (a) 18 years of age and older, (b) absent of any hand injury or hand condition requiring
medical attention in the past year, and (c) able to sit in the testing position. The university’s Institutional
Review Board approved the study and the participants signed an informed consent to participate in the
study.
Instruments
The Baseline® Pneumatic Squeeze Bulb Dynamometer with a maximum pressure indicator was
used to measure the participants’ grip strengths. This instrument measures overall grip strength from 0
to 30 psi. The bulb-shaped handle of this dynamometer is soft, 13 cm in circumference, and allows for
easy gripping. There is a seam that goes around the center of the bulb that can be used as a marker for
hand placement (see Figure 1).

Figure 1. Baseline® Pneumatic Squeeze Bulb Dynamometer (NC 70122).
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Procedures
Prior to the study, two raters received training from a certified hand therapist on the techniques
to perform the measurements. The training protocol followed the American Society of Hand Therapists
(ASHT) recommended guidelines for positioning: the participants sat up straight in a chair (without
arms), feet flat on the floor, shoulder adducted to side, elbow flexed to 90 degrees, and forearm in
neutral (Shechtman & Sindhu, 2015). To ensure consistency throughout the study, the raters were
instructed to place the bulb dynamometer in the participant’s hand with the seam resting between the
third and fourth digits and with the dial facing away from the participant. The raters also created and
used a standardized script to explain the grip strength testing procedures to the participants.
Grip strength measurement. Both raters tested each participant. The participants were
randomly assessed by either Rater 1 or Rater 2 first, followed by an assessment by the other rater, and a
1 min rest period between the two raters’ assessments. The rater sat directly across from the participant.
The rater read the standardized script out loud, ensured that the participant maintained the proper grip
strength testing posture, and placed the bulb dynamometer in one of the participant’s hands. When
prompted, the participant squeezed the bulb with his or her hand with maximum force. Each participant
completed one set of three grip strength trials in each hand, starting with the right hand and alternating
hands after every trial, with no break between the trials. This procedure was then repeated with the
second rater. Six trials were taken on each hand for a total of 12 trials in both hands, with six by each
rater. The three grip trials for each rater for each hand were averaged to obtain a mean grip
measurement. After each trial, the maximum pressure indicator was reset to “0” to ensure accuracy.
The data were recorded on the individual’s personal data collection sheet. At the end of the data
collection, each participant completed 12 trials, and each rater administered 618 grip testing trials.
Statistical Analysis
Only peak grip strength was measured with the Baseline® Pneumatic Squeeze Bulb
Dynamometer. Grip strength scores from both raters and for all administrations of the test were
transferred from a data collection sheet into an SPSS data file. Data were analyzed using IBM SPSS
23.0 (Version 23; IBM Corp., Armonk, NY). Reliability was estimated by using the scores for all trials
with both raters. Inter-rater reliability and test-retest reliability were assessed using a type (2,2)
Intraclass Correlation Coefficient (ICC) with two-way mixed effects model at a 95% confidence interval
(Shrout & Fleiss, 1979). The ICC considers both systematic and random error and was used to
summarize the strength of the reliability. ICCs were interpreted with the following guidelines: good
reliability is greater than .75, moderate reliability is between .50 and .75, and poor reliability is less than
.50 (Portney & Watkins, 2009). A paired samples t-test was conducted to compare the difference
between one grip strength trial, which was the first trial for each participant, and the average of three
grip strength trials to determine if using one trial was as reliable as using three. In addition, the norms
for grip strength using the bulb dynamometer were obtained for participants 18 to 29 years of age. The
means, standard error, minimum, and maximum value for grip strength were calculated for each age
group.
Results
One hundred and three healthy adults (30 males and 73 females) were recruited for this study.
All of the participants met the inclusion criteria. Table 1 shows that participants were obtained in all age
ranges except for the range 60 to 64 years of age. Most of the participants were 18 to 29 years of age.
In addition, most of the participants were right-handed.
Published by ScholarWorks at WMU, 2018
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Table 1
Descriptive Data of Study Participants
Variables
Sex
Male
Female
Dominance
Right-handed
Left-handed
Age ranges
18-20
21-24
25-29
30-34
35-39
40-44
45-49
50-54
55-59
65+

N (%)
30 (29.1%)
73 (70.9%)
95 (92%)
8 (8%)
24 (23%)
44 (43%)
20 (19%)
5 (5%)
3 (3%)
2 (2%)
1 (1%)
2 (2%)
1 (1%)
1 (1%)

Inter-rater reliability was assessed by comparing the scores of both raters for the first trial and the
average of three trials. Inter-rater reliability coefficients for two raters with 95% Confidence Intervals
(CIs) are shown in Table 2. ICCs for inter-rater reliability for both single ratings and the average of
ratings ranged from 0.955 to 0.977 for the two raters, which is considered excellent reliability (Portney
& Watkins, 2009).
Table 2
Inter-Rater Reliability (Consistency of Ratings between Rater 1 and Rater 2)
Hand and Trial
ICC2,2
95% CI
Right hand Trial 1
.957
.936 to .971
Left hand Trial 1
.955
.934 to .970
Right hand average of three trials
.977
.966 to .984
Left hand average of three trials
.972
.959 to .981
Test-retest reliability was assessed by evaluating the consistency of grip strength across three
trials for each participant. Consistency was evaluated for each hand and for each rater. ICC for testretest reliability ranged from 0.975 to 0.977 for three trials of grip strength for the same hand as shown
in Table 3.
Table 3
Test-Retest Reliability (Consistency of Scores of each Rater for Three Trials of the Same Hand) for the
Bulb Dynamometer
Hand and Rater
ICC2,2
95% CI
Right hand Rater 1
.976
.966 to .983
Left hand Rater 1
.977
.968 to .984
Right hand Rater 2
.975
.965 to .982
Left hand Rater 2
.976
.967 to .983
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This study also compared the reliability of taking one measurement versus the average of three
measurements. The results showed that there were no significant differences between taking one rating
or the average of three ratings using the bulb dynamometer.
The participants were categorized by age and gender to obtain norms. There were 15
participants in the 30 to 65+ age ranges; therefore, norms were not calculated for these ages. Table 4
reports the bulb dynamometer grip strength norms for participants 18 to 29 years of age.
Table 4
Baseline® Pneumatic Squeeze Bulb Dynamometer Grip Strength Norms for 18 to 29 year olds
Male
Female
Ages

Hand

N

Mean(SD)

SE

Min

Max

N

Mean(SD)

SE

Min

Max

18-20

R

11

17.7(2.3)

0.69

13.2

21

13

12.1(2.9)

0.82

8.8

19.9

18-20

L

11

16.5(2.1)

0.62

13.1

20.1 13

11(2.6)

0.73

7.2

17

21-24

R

13

18.9(2.6)

0.71

14.9

23.7 31

12.7(2.1)

0.38

7.5

16.9

21-24

L

13

18.3(2.6)

0.71

13.3

22.3 31

11.9(2.2)

0.39

7.1

16.5

25-29

R

4

20.1(1.1)

0.55

18.7

21.3 16

12.8(1.6)

0.39

9.4

15

25-29

L

4

18.7(1.4)

0.71

17.3

20.5 16

12(1.6)

0.39

8.8

14.1

Discussion
This study demonstrated that the Baseline® Pneumatic Squeeze Bulb Dynamometer (30 psi) had
both high inter-rater reliability and test-retest reliability. High inter-rater reliability suggests that an
individual can be tested for grip strength by multiple raters using this instrument without increasing the
risk for inaccurate measurement collection or rater bias, while high test-retest reliability demonstrates
that the bulb dynamometer can be used consistently for repeated measurements in measuring grip
strength. These results were consistent with studies that reported high inter-rater reliability with the
Martin Vigorimeter, which is another type of the bulb dynamometer (Jones et al., 1991; Link et al.,
1995).
The results also demonstrated that there were no significant differences in scores when
comparing one trial versus the average of three trials. In practice, the recommendation is to take the
average of three trials for accuracy; however, this study demonstrates that there is no difference in grip
strength measures in these two scenarios. Similar studies on the Jamar dynamometer found one trial to
be as reliable as three trials (Coldham, Lewis, Lee, 2006; Hamilton, Balnave, & Adams, 1994). The use
of one trial is especially relevant with clients who may have difficulty maintaining maximal strength for
a prolonged period due to hand weakness or pain.
Strengths
One of this study’s strengths was that the number of participants (n = 103) recruited met the
criteria for a large effect size based on the statistical power analysis The standard ASHT protocol for
grip strength measurement was followed, which correlates with other research studies that examine grip
strength testing (Albrand, Munoz, Sornay-Rendu, DuBoeuf, & Delmas, 2003; Desrosiers et al., 1995;
Giampaoli et al., 1999; Irwin & Sesto, 2010; Rolland et al., 2006).
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Limitations
A limitation of this study was that the participants were required to perform 12 consecutive trials,
and some of the participants reported fatigue in their hands. Future studies should incorporate longer
resting intervals between trials to reduce fatigue. Moreover, a one-size bulb handle was used for all
measurements, and individuals with larger hands may have had more difficulty squeezing the device.
The Baseline® Pneumatic Squeeze Bulb Dynamometer does not provide guidelines or instructions for
taking grip strength measurements, which may lead to differences in how grip strength is measured
using this instrument.
Conclusion
This study’s findings could contribute to the repertoire of reliable and valid assessments in the
field of occupational therapy. Many health care professionals use dynamometers to assess an
individual’s grip strength and hand function (Reuter et al., 2011; Tyler et al., 2005). The Jamar
Hydraulic Hand Dynamometer is currently the gold standard for measuring grip strength, but there has
been evidence that the bulb dynamometer is a more appropriate tool for certain populations, such as
those of young children, older adults, and individuals with rheumatoid arthritis (Fess, 2011; Jones et al.,
1991; Link et al., 1995). This study demonstrated that the bulb dynamometer is a reliable tool for adults
and young adults and should be investigated further as an alternative to the Jamar dynamometer. As the
reliability of the bulb dynamometer continues to be investigated across age groups, future studies should
aim to establish norms for this instrument to promote its use as an evidence-based tool in practice.
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